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Abstract 

The peculiar velocity of quasars is among the 

most sought data of observational cosmology. This 

paper discusses a method of determining an upper 

limit to the peculiar velocity of quasars by means 

of a statistical analysis of quasar pairs. A 

preliminary conclusion is that the peculiar velocity 

in the direction along the line joining two quasars 

in a pair may not exceed, on an average, one 

thousand km/set. 
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1. Introduction 

Ever since the large scale structure of the universe 

become a heated subject of cosmology, the peculiar 

velocities of extragalactic objects have become one of the 

focal points of observational cosmology. In particular, the 

discovery of the large scale streaming motion of galaxies t11 

has furture strengthened the motivation to study problems 

related to the peculiar velocity of extragalactic objects. 

It is clear that, in order to understand the formation of a 

1 arge seal e structure, information about the distribution of 

the peculiar velocities of extragalactic objects is as 

important as information about their spatial distribution. 

Nevertheless, right now, we know almost nothing about the 

peculiar velocity of quasars. By employing different methods 

to conjecture quasar’s peculiar velocity, one can obtain 

quite different results. For instance, if we consider that 

quasars are 1 ikely to be the objects of an earlier stage of 

galaxies, their peculiar velocity should then be about the 

same order of that of galaxies, namely, several hundrads of 

kilometers per second. On ,the other hand, the distribution 

of quasars on the Hubble diagram is very dispersive, which 
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d not be completely explainable by the dispersions and 

ations of quasar’s luminosity. Therefore, it may imply 

ies. that quasars possess higher peculiar velocity than galax 

Moreover , many quasars are in objects which have radio 

components moving with apparently separate speeds higher 

than that of I ight. This phenomenon is often considered as 

evidence of the relativistic effects of high speed objects. 

In this case, we would not be able to rule out that some of 

the peculiar velocities of quasars are much higher, even 

comparable to the speed of 1 ight. 

Therefore, any information regarding quasar’s peculiar 

velocity is very significant. The purpose of this paper is 

to discuss the possibility of derving such information from 

quasar pairs. A method of determining an upper limit to the 

relative velocity between two quasars in a pair is 

presented. Since quasar samples are still quite poor, it is 

impossible at this moment to find results with a high 

confidence. Nevertheless, the method here discussed has 

already gave a significant conclusion: there is an upper 

1 imi t of one thousand km/set to the mean velocity in the 

direction along the line joining the two quasars in a pair. 

This resul t also shows that the methods themselves developed 

here are effective. 
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2. Method 

Let us consider a sample of quasar pairs. In each pair 

consisting of i-th and j-th quasars, one has the following 

data: D -- the distance between the two quasars; and, Dt and 

Dt -- the respective radial and transversal projections of 

D. Dr is given by the difference bwteen the redshifts of the 

two quasars and Dt mainly depends on the angular distance of 

the two quasars. 

It is known that quasar’s clustering is weak I21 , namely, 

the distribution of quasars is almost randomly homogeneous. 

Therefore, if the pair sample consists of all pairs of 

quasars in such a randomly homogeneous sample, then the 

distribution of D should be homogeneous and the distribution 

of pair’s orientation, given by the line joining the two 

quasars in a pair, should be isotropic. In other words, the 

distribution of pairs in D,-Dt space is randomly 

homogeneous. 

From this randomly homogeneous sample, we can malle up a 

subsampl e( Dma, 1 , which consists of al 1 pairs with D less 

than D, . It is easily shown from the homogeneity and 

isotropy that, for a subs,ampleC D-j, the distribution of 

the number of pairs against Dr is given by 
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N(D@I, = ;,NT (1 

where NT is the total number of pairs in the subsample 

Om,). The average of D,! is then 

DrN(D,) dDr = 2 Dma, . 

( 1) 

(2) 

Obvious1 y, Eqs.( 1) and (2) can be used as two criterions to 

test the homogeneity and isotropy of the sample. Quasar 

clustering will lead to a deviation from (1) and (2). 

Therefore, information on clustering can be found from the 

deviation between observed NCD,) and D, and that given by 

Eqs.( 1) and (2). Nevertheless, clustering is not the problem 

with which we are concerned in this paper. The important 

point we want to emphasize here is that the peculiar 

velocity of quasars will also sometimes lead to a deviation 

from (1) and (2). Therefore, the observed deviation can 

provide an upper limit to the peculiar velocity. 

Let us consider a simple model in which we assume that 

the two quasars in every pair are approching each other at 

an average speed of v. In this case, the observed redshif t 

difference of two quasars,.i and j in a pair should be given 

by 
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(3) 

0 
where Zi and Z: J are the cosmological redshifts of quasars i 

and j. Therefore, the D, given by the observed redshift 

difference (zi-zj) is not a real radial distance between 

quasars i and j. When ~Zi-Zj) << 1 and D >> (v/c)(c/H,), Ho 

being the Hubble constant, the real radial distance 0: can 

be approximately expressed from Eq.(3) as 

D0=D +vc Dr 
r r cH o (D2 + D2)l” ’ r t 

(4) 

In the case of that the distribution of pairs in DE-D, 

space is homogeneous and isotropic, then, from Eq.(4), the 

distrubition of pairs in D, -Dt space should be given by 

N(D~,D~MD,~D~ (1 + zg 
4 

o CD2 + D2)3/2 ) DtdDtdDr 
r t 

(5) 

Therefore, for a sample consisting of al 1 pairs with D = 

(D; + D2)lf2 
t 1 ess than Dmax, the distribution of pairs 

against Dr is 

3 
N@$)dD, = -i NT (1 + zkk )-l,: 



The average of D, now is given by 

Dr N(Dr) dD r 

=iDW, (1 +&+- I(1 + xc1 Y-’ 
omax cH D 

OIMX 

i Drnax 
lvc 1. 

Cl-,,Ti;;-) . (7) 

Eqs.(6) and (7) show the deviation of N(4) and D’r from (1) 

and (2) due to the peculiar velocity of quasars. 

3. Statistical Results 

For statistical analysis, we use the quasar sample given 

by Savage and Sol ton I31 which includes quasars in two 5’%5’ 

regions around, respectively, (OZh, -50’) and (22b, -la’) in 

the southern hemisphere. It is known that Savage-801 ton 

sample is not complete. Nevertheless, in our statistics, the 

completeness of the sample is not a necessary condition. We 

only require that the sample is homogeneous. Many statistics 

on quasar clustering have been done by using the 

Savage-Bol ton sample because this sample possesses the 

homogeneity suitable to statistics. 
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For every pair formed by i-th an j-th quasars in this 

sample, one can calcuate the distance between the two 

quasars, D, and its transversal and radial projections, Dt 

and D r by, respectively, 

D = ( D; + D”t )1’2 , 

Dr = l 
d. 

l+z m 
1 1 +lz, + dj 1, 

1 J 

Dt= gij;[ di 
(1 + Zi) 

2+k 
(1 + 2.) 21 ’ 

.i 

and 

dk = c [ Zkqo + (9, - l)( -1 +)/-- )I, 

(8) 

( 9) 

( 10) 

(11) 

where z = (1/2)(z.+z,) and z is the redshift of k-th 

quasar;m dij ’ J “ denotes the angular distance between the two 

quasars; and q, is the deceleration parameter. In the 

following calculation, we choose q, = l/2. Nhen D C< c/H,, 

the result does not sensitively depend much on the selection 

of q,. 

It has been shown that the spatial distribution of 

quasars in the Savage-Bolfqn sample is uniform or weakly 

clustered. This property can also be seen from the 
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distribution of quasar pairs described by Eqs.(8)-(11). 

Figs.1 and 2 plot the distribution of pair’s number with 

respect to D. For the saKe of comparison, Figs.1 and 2 also 

plot the distribution of the Monte Carlo sample, which is 

given by an average of 10 Monte Carlo results of 

randomizations of angular coordinates I$ and & . Figs.1 and 2 

clearly show that no significant difference between the 

distributions of the Savage-Bolton sample and the Monte 

Carlo sample can be found in the region of (02h, -50’). In 

the region (22h, -18’)) however, the pair’s number in the 

Savage-801 ton sample in the interval of D, being about 

50-100 Mpc, exceeds that given by Monte Carlo sample. That 

is, the quasar distribution in the region (02h, -50°) is 

uniform, while that in (22 h , -18’) is weakly clustered. This 

result is the same as that obtained by other methods of 

testing clustering I21 . Therefore, this sample is suitable 

for the statistical method developed in the previous 

section. 

Next, we consider subsample(Dnlax), which consists of al 1 

the quasar’s pairs with three dimensional distance D less 

than Dm, . Figs.3 and 4 show the histograms of N(D,) of the 

subsamples with Dmax = 50 and 100 Mpc, in which NT is the 

total number of pairs. The solid curves in Fig.3 and 4 are 

given by Eq.( 1). It is obvious from Figs.3 and 4 that there 
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are no significant deviation in the distributions N<Dr) of 

the Savage-801 ton sample of <02h, -500) from that of a 

homogeneous-isotropic sample, This means that the peculiar 

velocity of quasars should, at least, be small enough so 

that there is no significant influence on the distribution 

NCD,) . In the region of (22 
h 

, -18’), Fig.4 shows that there 

are deviations of sample’s NCD,) from that of 

homogeneous-isotropic one. However, Fig.4 also shows that 

the deviation of subsample Dnax = 100 Mpc is more small than 

that of subsample D,, = 50 Mpc. This means that these 

deviations are probably due to the weak clustering of 

quasars on the scale 1 es.5 than 100 Mpc in the region (22h, 

-18’). Therefore, these deviations may not be evidence that 

h quasar’s peculiar velocity in the region (22 , -18’) must be 

larger than that of (02h. -5OO) . 

The results of ‘j;- are listed in Table 1, in which the 

upper limit v 
UP 

to peculiar velocity is found from Eq.(7) as 

fol 1 ows 

” = 
UP 

8Holi7 r - 2 Dmax 1 . c 12) 

All result5 of v 1 isted in Table 1 are around a thousand 
UP 

km/set. Therefore, if all ,deviation of ij- r from that given by 

Eq.<2) are due to the motion of two quasars in a pair to 
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approaching one another, such peculiar velocity should then 

have the order of one thousand km/set. . 

4. Conclusion and Discussion 

The velocity vup given by Eq.(12) is, obviously, 

model -dependent . A key point in the developed model is to 

assume that al 1 pairs are clustered, so that, in al 1 pairs, 

two quasars are moving toward each other. As mentioned 

above, quasars in the sample clustered weakly on the scales 

of 50-100 Mpc. This seems to be evidence that quasars are 

just in the initial stage of forming clusters with a scale 

the assumption is simple, of about 50-100 Mpc. In this case, 

but reasonable, 

Moreover, Table 1 shows that al 

that given by Eq.(2) are less than 

distribution of pair orientations 

1 deviations of Ex from 

6X, namely, the 

is rather isotropic. This 

also implies that the clustering on the scale of about 

50-100 Mpc is in .the stage of spherical collapse. At this 

stage, the dominant component of peculiar velocity is given 

by the motion of collapsing. 

Anisotropic clustering will also lead to a deviation from 
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the distribution given by Eq.(l). Such deviations, however, 

depending on the orientation of the clu+ters, are sometimes 

3 positive, or B’r >gDmax , and sometimes negative, or Er C ;D,,,. 

Therefore, statistically, the maximum of v 
UP 

would be larger 

than quasar’s peculiar velocity. Therefore, it is reasonable 

to use one thousand km/set as an upper limit to the peculiar 

velocity of quasars. 

Finally, it is not difficult to extend the method 

developed here to other models of peculiar velocity. Our 

simple model demonstrates the possibil i ty and the 

effectiveness of finding information about peculiar velocity 

from current data on quasars. 
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Table 1, Upper 1 imit to Quasar Peculiar Velocity 

sample D max 

(Mpc) 

-6 

(Mpc) 
“UP 
(Km/set) 

50 19.8 5.4 % 888 

(02h, -500) 100 35.9 4.2 % 1280 

<22h, -180) 50 18.0 4.0 % 576 

(22h, -180) 100 39.7 5.9 % 1760 
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Figure captions 

Fig. 1, Distribution of the number of quasar pairs against 

the pair’s size D for the Savage-Sol ton sample of (02h,-500) 

(solid line) and an average of 10 Monte Carlo samples by 

randomization of angular coordinates o( and & (dashed line). 

Fig.2, Distribution of the number of quasar pairs against 

the pair’s size D for the Savage-B01 ton sample of <22h,-180) 

(solid line) and an average of 10 Monte Carlo samples by 

randomization of angular coordinates a( and 6; (dashed line). 

Fig.3, Histograms of pair numbers with respect to radial 

distance D, for subsampl es of (a) D,, = 50 Mpc; and (b) Dmax 

= 100 Mpc, in the region (02 h , -50’). Solid curves are the 

isotropic distribution of Eq.< 1). 

Fig.4, Histograms of pair numbers with respect to radial 

distance Dr for subsamples of (a) D- = 50 Mpc; and (b)D- 

= 100 Mpc,, in the region (22h, -18’). Solid curves are the 

isotropic distribution of Eq.( l), 
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